as well as silicon nitrlde rolling-elements and rlngs (Baumgartner et al., 1973; M_ner et al., 1981; Hosang, 1987; and Bailey, 1983 The relative life, .HR, for the same load on a steel bearing and a hybrid bearing would be as follows:
Letting
[ : I and n : g and substltutlng Eq. (8) in Eq. (9), s
Equation (I0) is a stress correction factor based upon a ninth power of the ratio of the Hertz stress in the contact of a ceramic or cermet ball or roller and a steel race to that of a steel rolling element on a steel race for identlcal contact load and geometry.
The factor LHR for various rolllng-element materials is listed in Table II£ . LHR can be multlplled by the calculated life of a Full-complement or all steel rolling element bearing to obtain the llfe of a hybrid bearing using the applicable material In Table III as the rolling elements. This simpllfled correction neglects the effect of stressed volume on fatigue llfe. However, this effect is found to be small relative to the stress effect.
In fact, it Is easily shown that the small stressed volume effect is nearly offset by the additlonal effect of the depth of the maxlmum shear stress (Parker and Zaretsky, 1975) .
From the Lundberg-Palmgren analysis (Lundberg and Palmgren, 1947: Lundberg and Palmgren, 1949; and Lundberg and Palmgren, 1952) (12) to (15) Equations (18) and (19) and (15) , 1964a; and Parker etal., 1964b) .
The crystallized ceramic was only tested to 644 K (700°F) (Carter and Zaretsky, 1950 and Zaretsky and Anderson, 1961) .
There are no fatigue results reported for silicon nltride beyond nominal temperature under lubricated condltions. Shorter lives were exhibited at 644 K (700°F) for these materials.
Thls decrease in life may be accounted for by a change in lubrlcant viscosity with temperature.
As the vlscoslty of the lubricant decreases any elastohydrodynamIc film separatlng the rolling elements will decrease.
The life of a ro111ng element in addition to its own material properties is a function of the elastohydrodynamic film thickness (Bamberger et al., 19711. Hence, the llfe of these materials may be affected in a similar manner as steel, Three materials were run in a modified five-ball fatigue tester to temperatures of 1366 K (2000°F) with molybdenum disulfide-argon mist lubrication (Parker et al., 1955; Parker et aI., 1964a; Parker et aI., 1964b) , The results of these tests indicated that the hotpressed alumina was capable of operating to temperatures of 1366 K (2000°F). However, tests with the cold-pressed alumina and slllcon carbide at 1366 K (2000°F) and maximum Hertz stresses of 1.66xi09 N/m 2 (270 000 psi) resulted in general track deterioration unlike the failure pits or spalls observed at 300 and 544 K (80 and 700°F). Titanium carblde cermet at temperatures beyond 866 K (1100°F) and a maxlmum Hertz stress of 1.91xlO 9 N/m 2 (310 000 psi), exhibited excess cumulative plastic deformation, which indicated that this material is limited to less-severe conditions of temperature and stress. Data were reported for AISI M-50 35-mm roller bearings (Baumgartner et al., 1976) comparing the heat generated in a hybrid roller bearing with the same size bearing having steel rollers and approximately the same radial load.
It was concluded In Baumgartner et al. (1976) that the heat generation for the hybrid bearing was comparable to that of the bearing with the steel rollers.
It can be concluded that the bearing power loss or heat generation is more a function of the individual bearing design and operation than whether steel or ceramic rolling elements are used wlthln the bearlng. The test vehicle used to evaluate these _ear-ings was a modified J402 Turbojet engine,
The first test resulted In a catastrophic bearing failure after If-I/2 min of operation due to fracture of the ceramic. The second test ran for a total time of 2 hr and 3 min of which 54 min were run unlubricated.
In the unlubrirated condition, 30 min were run at shaft speeds between 39 000 and 39 600 rpm or in excess of 660 000 DN. However, residual lubricant may nave been present to sustain the bearing for the 54 min. A totally unIubrirated endurance test was run with a Ren_ 41 goldplated cage.
A catastrophic failure was encountered after 30 min of operation due to fracture of the ceramic.
Solld film lubrlcants applled in a manner similar to that reported in Parker et al. (1965) may be capable of sustaining full complement ceramic roller bearings at these hlgher temperatures for longer periods of time.
However, extensive work is required to both prove and develop this concept for practical turbine engine appllcatlons. Hosang (1987) proposes the use of a corrugated liner interposed between the journal and the bore of the inner ring.
BEARING MOUNTING
The corrugations run parallel to the bearlng and journal axls. This is illustrated in Fig. 8 . In principle, the liners diametral thermal expansion is less than that of the shaft Journal.
The difference is accommodated by stretching of the llner In the circumferential directlon.
Accordlng to Hosang (1987) , this action also reduces the envelope outer diameter of the corrugations from that dictated by thermal expansion. The radial stiffness of the llner should also be as hlgh as possible so as not to affect the stiffness of the bearing.
An alternate deslgn proposed by Hosang (1987) is the use of the corrugated liner and conical retainers shown In Fig.  8 
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